Background: TP300, a recently developed synthetic camptothecin analogue, is a highly selective topoisomerase I inhibitor. A phase I study showed good safety and tolerability. As camptothecins have proven active in oesophagogastric adenocarcinomas, in this phase II study we assessed the efficacy and safety of TP300 in patients with gastric or gastro-oesophageal junction (GOJ) adenocarcinomas.
Background
Inhibition of topoisomerase-I (Topo-1) is a clinically effective treatment strategy for many patients with cancer [1] . Irinotecan hydrochloride is the most widely used Topo-1 inhibitor with activity against a wide range of cancers (e.g. colorectal, glioma, oesophageal, gastric, non-small cell lung and pancreatic cancers), either as a single agent or in combination [2] [3] [4] [5] . Irinotecan has, however, a number of properties that limit its usefulness. It is metabolized enzymatically by carboxylesterase 2 (CES2), predominantly within the liver, to SN-38 (a significantly more potent Topo-1 inhibitor). This conversion shows considerable inter-individual variability, resulting in a wide range of systemic SN-38 exposure for a given dose that may influence the efficacy and toxicity of irinotecan. Clinically, the use of irinotecan can be limited by diarrhoea and neutropenia, with potential impact on dose intensity, as well as patient acceptability. Low activity of the SN-38 metabolising enzyme UGT1A1 is associated with an increased risk of diarrhoea and myelosuppression [5] , and in 2005 the US FDA recommended irinotecan dosing be modified in patients carrying the UGT1A1*28 polymorphism [2, 6] . The development of Topo-1 inhibitors not subject to such pharmacogenomic variability might, therefore, enhance the clinical efficacy and utility of this class of agents. TP300 (glycine,glycyl-N-methyl-,(9S)-9-ethyl-9,10,13,15-tetrahydro-10,13-dioxo-1-pentyl-1H,12H-pyrano[3'',4'':6',7'] indolizino[2',1': 5, 6 ]pyrido[4,3,2-de]quinazolin-9-yl ester, hydrochloride) has been developed as a water soluble prodrug of the Topo-1 inhibitor TP3076, and its active metabolite, TP3011, both of which are equipotent to SN-38 in terms of Topo-1 inhibition [7] (Fig. 1 ). TP300 has activity at nanomolar concentrations across a range of tumour types in vitro and, unlike SN-38, appears active in tumours over-expressing the breast cancer resistance protein [BCRP] [7] . In man, TP300 is converted non-enzymatically to TP3076, then metabolized to TP3011 by aldehyde oxidase 1 in liver. TP3011 metabolite and TP3076 are equipotent as Topo-1 inhibitors, with an IC 50 in the sub-nanomolar range [8] . Importantly, TP3076 lacks the phenolic-OH group required for glucuronidation so should not be influenced significantly by polymorphisms in the UGT1A1 gene. It is postulated that this will result in less variation in activation and toxicity with TP300 than with irinotecan; specifically, it would not be expected to cause severe diarrhoea.
In preclinical models TP300 has superior anti-tumour activity and a wider therapeutic index than CPT-11 in various tumour types, including gastric cancer [8] . Furthermore TP300 showed additive or synergistic antitumor effects in combination with other anti-cancer drugs such as capecitabine, oxaliplatin, cisplatin, bevacizumab and cetuximab.
A Phase I study of TP300 was performed in patients with chemotherapy insensitive or refractory tumours [9] . TP300 had predictable hematologic toxicity, and diarrhoea was uncommon. AUC at MTD was substantially greater than for SN-38. TP3076 and TP3011 are equipotent with SN-38, suggesting a pharmacokinetic advantage. Pharmacologically, it was confirmed that TP300 was 100 % transformed to its active form (TP3076) and rapidly and extensively converted to an active metabolite (TP3011). There was a linear relationship between AUC and dose, up to 10 mg/m 2 and AUC was not affected by UGT1A1 or aldehyde oxidase genotype.
Topoisomerase I inhibitors such as irinotecan have shown activity in the treatment of gastric cancer, with single agent irinotecan demonstrating a response rate of 23 %. Phase II studies in patients with gastric cancer have demonstrated single-agent response rates of approximately 20 % for a number of chemotherapeutic agents including irinotecan [10] .
Gastric cancer is one of the most common malignant diseases worldwide. The prognosis of this aggressive tumour is poor, even when detected in the early stages and treated by radical resection [11] . In most cases, metastases are already present at the time of diagnosis. Fig. 1 The fate of TP300, active form (TP3076) and its metabolite (TP3011)
Compared to purely supportive treatment, systemic chemotherapy leads to a significant extension of survival and clear improvement in the quality of life with respect to the reduction of tumour-related symptoms. This was demonstrated in various randomized studies [12] [13] [14] [15] [16] [17] [18] .
However, objective remissions are often only shortterm, most patients die of the disease within 1 year and response to chemotherapy does not always translate into improvement in survival. The tumours respond to treatment, but quickly become resistant. It is therefore necessary to search for new substances and more effective therapies are clearly needed for patients with metastatic gastric cancer.
Several drugs, when used as single agents, have been associated with a reduction of more than 50 % in measurable tumour mass (i.e. an "objective response" in over 15 % of patients). Topoisomerase I inhibitors such as irinotecan have shown activity in the treatment of gastric cancer, with single agent irinotecan demonstrating a response rate of 23 %. Fluorouracil, which has been examined most extensively, produces a response rate of approximately 20 % [19] . However, complete responses with single agents are rare and partial regressions have been relatively brief. In addition, reduction in toxicity and better tolerance are important for gastric cancer patients. This "window of opportunity" phase II study was performed to evaluate the antitumour activity of TP300 in patients with advanced gastric or oesophago-gastric junction adenocarcinoma, receiving first-line chemotherapy without exposure to prior systemic chemotherapy for advanced disease. This study was a modified Simon's two stage design [20] .
Methods

Study design
Open-label, non-randomised, multi-centre study to evaluate the anti-tumour activity of TP300 in previously untreated patients with advanced gastric and/or gastrooesophageal junction adenocarcinoma. The study complied with Good Clinical Practice and the Declaration of Helsinki, and was approved by research ethics committees in all institutions prior to initiation. All patients gave written informed consent for the clinical study and separately for the genotype/biomarker study before undergoing any study-related procedures.
The primary objective of this study was to determine the objective response rate (ORR) of TP300 in patients with untreated advanced gastric or gastro-oesophageal junction adenocarcinoma. The secondary objectives were to determine the time to progression (TTP) and progression free survival (PFS), to determine the safety of TP300 and to further evaluate the PK profile of TP300 evaluating any PK/PD correlation.
Patients and eligibility criteria
Eligible patients had metastatic or locally advanced gastric or Siewert Types II or III GOJ inoperable adenocarcinoma. The patients were previously untreated with chemotherapy unless this had been administered in the perioperative setting, were ≥ 18 years old, with one or more measurable target lesions as defined by RECIST version 1.1, and had an Eastern Cooperative Oncology Group performance status of 1 or less.
Other inclusion criteria included adequate bone marrow function (neutrophil count ≥ 1.0 × 10 9 , platelet count ≥ 100 × 10 9 , and haemoglobin ≥9 g/dL) and adequate hepatic (serum bilirubin ≤ 1.5 x upper limit of normal [ULN], alanine amino transferase (ALT) and aspartate amino transferase (AST) ≤ 2.5 x ULN) and renal (serum creatinine ≤ 1.5 x ULN) function.
A history of severe or life-threatening drug allergy or hypersensitivity to camptothecin derivatives and diarrhoea (excess of 2-3 stools/day above normal frequency within 2 weeks prior to the start of the study) were exclusion criteria.
Treatment and dose escalation
TP300 was administered as a 1-h intravenous (i.v.) infusion every 3 weeks (one cycle), for up to 6 cycles. The starting dose of TP300 was 8 mg/m 2 in cycle 1. From cycle 2 onwards the dose was increased, where possible, to 10 mg/m 2 in the absence of DLT but for some patients the dose was not changed or was lowered. This was to minimize the risk of serious toxicity. At the discretion of the investigator the treatment could be continued beyond cycle 6 if in the best interests of the patient.
Evaluation of efficacy
Patients who received at least 2 cycles of TP300 and had at least 1 post-baseline tumour assessment were evaluable for assessment of response. After the baseline evaluation, tumours were assessed every 2 cycles using the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. Responses were assessed by local investigators and by an independent radiologic review committee (IRC).
Evaluation of toxicity
Toxicity was assessed weekly and graded using the National Cancer Institute Common Toxicity Criteria (CTCAE) version 3.0. DLT was defined as the occurrence of any of the following adverse events: grade 4 thrombocytopenia; febrile neutropenia or grade 4 neutropenia > 5 days duration; grade 4 diarrhoea not reduced to grade 1 within 2 days of appropriate therapy; other gastro-intestinal toxicities (e.g. vomiting, nausea, stomatitis) ≥ grade 3 and not reduced to grade 1 within 2 days of appropriate therapy; any other nonhematologic toxicities ≥ grade 3 (excluding alopecia).
Statistical analysis
An optimal two-stage design was used where the estimated response rate was 25 % and the null hypothesis response rate was 10 % or less [20] . The study was calculated to have a one-sided α-error of 5 % and a power of 80 %. Under these assumptions, 18 evaluable patients were to be treated in stage 1 of the study. At least three responses were required to continue to stage 2 where an additional 25 evaluable patients would be treated (up to a total of 43). Overall, if a total of eight responses or more were observed, the drug would be considered active.
Evaluation of pharmacokinetics
Blood samples for PK analysis were collected from each subject at 4 time points (pre dose, then 1, 5, and 24 h after the start of drug administration) in cycles 1 and 2. In brief, samples were processed by extraction of protein using addition of organic solvent containing internal standards. Samples were then directly injected into an LC-MS/MS system (Ionization: ESI positive, Mode: MRM). The lower limits of quantification of TP3076 and TP3011 in human plasma were 40 pg/mL, with the precisions being 7.1 to 12.1 % and 8.0 to 11.4 %, respectively.
Results
Patient characteristics
Twenty patients were enrolled into the study from 6 UK Centres between October 2009 and November 2010. One patient did not receive the study medication because of out of range pre-first dose blood results. Nineteen patients received the study medication, but one patient did not complete 2 cycles of treatment and could not be evaluated for tumour response. Eighteen patients received at least 2 cycles of treatment and were evaluable for tumour response.
Two of the 18 patients were deemed non-evaluable by the IRC due to the absence of an evaluable target lesion. Therefore 16 patients were included in the efficacy evaluation. Of 16 evaluable patients, 6 completed 2 cycles, 2 received 3 cycles, 3 received 4 cycles and 5 patients completed 6 cycles of treatment. Five patients did not receive dose escalation from 8 mg/m 2 at cycle 1 to 10 mg/m 2 in subsequent cycles. The median number of treatment cycles was 3. A summary of patient demographic characteristics is given in Table 1 .
Pharmacokinetics
Plasma mean (S.D.) drug concentration of unchanged drug and active metabolite in cycles 1 and 2 at 24 h after administration were 1.82 (5.85), 0.809 (0.635) and 5.39 ng/mL, respectively. The pharmacokinetics were similar to that established in the Phase I study [9] .
Efficacy
The tumour assessments were performed by investigative sites and the IRC. Although there were some differences between the two assessments, these were deemed within acceptable limits and the efficacy analysis was based on the IRC assessment.
Of the 16 evaluable patients, no patients had a complete or partial response, 12 had stable disease, as their best response, for 1-5 months, and the other 4 (Fig. 2) .
Toxicity
Diarrhoea, if it occurred, was grade 1-2 and of short duration. Grade 3-4 haematological toxicity was observed at a frequency similar to that of other cytotoxic agents with similar mode of action.
There was one case of gastrointestinal perforation, associated with a toxic death (grade 5). Overall there were 26 drug -related grade 3-4 AEs. Four patients experienced grade 4, and three patients grade 3 neutropenia. One patient experienced grade 3 and one patient grade 4 throbmbocytopaenia. One patient had grade 3 neutropenic sepsis which lasted 4 days and the dose of TP300 was subsequently reduced to 6 mg/m Out of 10 DLTs, 3 occurred at doses less than 10 mg/ m 2 ; 2 of these were thrombocytopenia grade 4 and neutropenia grade 4 in patients treated with 8 mg/m 2 . In both cases the dose was reduced to 6 mg/m 2 without recurrence of the toxicity. The other DLT, at 8 mg/m 2 , occurred in a patient who received one dose of TP300 before presenting with a serious adverse event of gastrointestinal perforation with a fatal outcome. This event was deemed to be of low possible causality in relation to study drug TP300, since this patient had a pre-existing gastric ulcer. The remaining 7 DLTs, all at the 10 mg/m 2 dose level, were grade 3 or 4 in intensity and except for the fatigue (which remained unresolved), resolved with either minor or no sequelae. In all these patients, subsequent doses of TP300 were reduced for the rest of the treatment cycles.
Discussion
The dose chosen for this proof of concept study was the MTD in the Phase I study -on a three-weekly administration schedule. Although the MTD was defined at 10 mg/m 2 , and this was tolerable, the frequency of grade 3 neutropenia at this dose suggested it would be safer for patients to start on a dose of 8 mg/m 2 for one cycle before escalating to 10 mg/m 2 if well-tolerated. Four patients remained on 8 mg/m 2 , with no dose escalation, and 2 had a reduction to a lower dose after cycle 1, but overall it was considered that this was the correct dosing strategy.
The safety profile seen in the study was as anticipated from the phase I study. A significant number of patients developed haematological toxicity (37 % with grade 3 or 4 neutropenia), suggesting adequate dosing. Furthermore population PK-PD modelling from the phase I study indicated that the decrease in ANC following treatment with TP300 fitted well with total concentrations of TP3076 and TP3011 [21] .
Other toxicities were similar to other topoisomerase I inhibitors (alopecia, fatigue etc.), with the exception of diarrhoea, which occurred less frequently than might have been expected with treatment using 3 weekly irinotecan. This is in keeping with previous clinical and preclinical studies of TP300.
Oesophago-gastric cancer response rates to single agent cytotoxic first-line are around 18 % [3] and patients were carefully chosen, and monitored on this study of an untried drug when a standard and reasonably effective combination treatment already existed. Hence the selection criteria for study entry focussed on those with a good performance status, low tumour burden and a normal serum albumin (a reliable prognostic factor), so that they were able to receive standard chemotherapy subsequently on disease progression.
The study design, with optimum dosing determined by tolerance of a dose lower than the Phase I defined MTD in the first cycle is unlikely to have led to suboptimal dosing. The fall in neutrophil count during cycle 1 (at 8 mg/m 2 ) would support this. The small number of patients evaluated may have reduced the likelihood of detecting a weak response. Irinotecan monotherapy has shown response rates of 20 % in chemotherapy naïve patients with metastatic gastric cancer [13] . According to the Simon's two stage design, 3 or more responders out of 18 evaluable patients at the interim analysis were necessary to allow initiation of stage II of the study. However, as no responders were seen amongst the 16 evaluable patients in stage I of the study it was not considered necessary to recruit further patients to achieve the target 18, because it would not have been possible to achieve 3 responding patients.
Examining the radiological responses in more detail, we found that even among the patients with stable disease there was wide variation in behaviour of the target lesions with some certainly increasing in size during treatment. There is insufficient information to confirm whether the exposure to TP300 in the tumour was adequate. However, we observed adequate evidence of a pharmacodynamic effect since there was significant bone marrow toxicity. The three-weekly administration regimen used in Phase I was carried into this study and, based on equivalent data from irinotecan, may have been expected to produce a measurable anti-tumour effect. It may be, however, that more frequent dosing (e.g. weekly), albeit with lower doses, would have given more promising results. Based on the manageable nature of haematological effects and the relative infrequency of other serious adverse reactions, there may be scope for pursuing higher tumour exposure by more frequent dosing.
Conclusions
In conclusion, while this proof of concept study of TP300 in patients with advanced gastric or gastrooesophageal cancer showed acceptable drug tolerability and confirmed the stable pharmacokinetics established in Phase I, and while there were cases of disease stabilisation for up to the maximum 6 cycles, it did not achieve the required primary end-point efficacy, as measured by complete or partial radiological response. 
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